By analyzing three multigene families, two closely related and commercially important species, Dicentrarchus labrax and Dicentrarchus punctatus, were characterized by cytogenetic and molecular methods. The interspecies hybrid Dicentrarchus labrax (♀) × Dicentrarchus punctatus (♂) was also analyzed. The multigene families studied were the 5S rDNA, 45S rDNA and the U2 snRNA. A microsatellite GTT motif was found within the non transcribed spacers (NTS) of the 5S rDNA from the two species. However, hexanucleotide duplication next to this microsatellite was observed in the D. labrax and hybrid clones, but not in D. punctatus. The U2 snRNA appeared to be linked to the U5 gene and showed two variant sequences, in both D. labrax and D. punctatus. They differed in one insertion/deletion of 7 nucleotides. The first internal transcribed spacer (ITS-1) region showed higher nucleotide variability in D. punctatus than in D. labrax. Nucleotide polymorphism within species and also nucleotide divergence between species were determined in the different gene regions. In a FISH analysis we obtained three chromosomal markers, because the 5S rDNA, 18S rDNA and U2 snRNA probes hybridized each in three different chromosome pairs. Hence none of them was co-localized. The 5S rDNA cluster and U2 snRNA were localized in acrocentric chromosome pairs, while the 18S rRNA gene probe hybridized in a subtelocentric pair. Finally, the usefulness of the results in developing tools for phylogenetic analysis and species identification are discussed in relation to other fish species.
INTRODUCTION
The Moronidae family of fishes, which were originally part of the Serranidae family, is composed of only 6 species from marine, anadromous and freshwater habitats (McGinnis, 2006) . These six species belong to two genera, the genus Morone, which is exclusive to the Northwestern Atlantic (4 species); and the genus Dicentrarchus from the Northeastern Atlantic (2 species). The two Dicentrarchus species, Dicentrarchus labrax and Dicentrarchus punctatus, have similar morphologies in their early stages and the species cannot be distinguished from one another (Bonhomme et al., 2002) . In their adult stages they can be easily differentiated, since D. labrax grows to a greater commercial length than D. punctatus, which has multiple black spots scattered over its body.
Since the two species are closely related, hybrid specimens between females of D. labrax and males of D. punctatus, have been obtained in captivity (IFAPA "El Toruño" Research Center, Junta de Andalucía, Puerto de Santa María, Cádiz, Spain).
D. labrax is distributed in the Atlantic Ocean from the coast of Norway as far south as Senegal, including the Mediterranean and Black Seas, Canary Islands and Iceland. Although both species have a high sympatric distribution, D. punctatus presents a more southern distribution (Bonhomme et al., 2002) , from the English Channel (occasionally) to the Senegal coast, also including the Mediterranean Sea and Canary Islands.
D. labrax is one of the most commercially important species in Europe, for both fisheries and aquaculture, and is one of the species that is most well-established in aquaculture production. However, the aquaculture of D. punctatus is only in the experimental stage, but the species is very important in fisheries.
In humans, multigene families encoding the 18S-5.8S-28S rRNA (45S rDNA), 5S rRNA, U1 and U2 snRNA together account for approximately 2% of the total genome (Manchado et al., 2006b ). The 5S rDNA comprises a conserved coding region of 120 bp and a non-transcribed spacer (NTS) which is variable between species in length and sequence. The 45S rDNA has a transcribed unit which comprises two external transcribed spacers (5' ETS and 3' ETS), the coding 18S, 5.8S and 28S rRNAs, and two internal transcribed spacers, which separate the 18S rRNA from the 5.8S rRNA (ITS-1) and the 5.8S rRNA from the 28S rRNA (ITS-2); the transcribed units are separated by the intergenic spacers (IGS). The U2 snRNA gene comprises a 188 bp coding region and an interspecies variable spacer. These families fundamentally evolve in a concerted fashion, in which the sequences of the units are homogenised by various mechanisms as gene conversion or unequal crossing-over. However, some authors have reported an alternative evolution model (birth-anddeath model) of these multigene families in other species (Úbeda-Manzanaro et al., 2010b; Vierna et al., 2010) .
Given the close relationship between D. labrax and D. punctatus, and the commercial interest in these two species, the objective of the genetic characterization procedures performed in this study is to contribute to assessing the variability existing between the species and the taxonomic status of the hybrid D. labrax (♀) × D. punctatus (♂). To this end, three sequences (5S rDNA, ITS-1 and U2 snRNA gene) have been characterized. Cytogenetic studies have also been carried out to locate the 5S rRNA, 18S rRNA and U2 snRNA genes by means of fluorescence in situ hybridization (FISH) techniques. Cloning and sequencing Genomic DNA was isolated from muscle tissue using FastDNA kit ® (Q-Biogene).
MATERIALS AND METHODS

Sampling
Extraction quality was validated by electrophoresis in agarose gel (1.5%) containing 0.5 μg ml -1 ethidium bromide.
At least three individuals per species were used to amplify the three different multigene families. These PCR amplifications were made using the primers described in . The PCR products were purified using a NucleoSpin ® Extract II kit (Macherey-Nagel), and cloned into pGEM ® -T Easy Vector (Promega). Plasmid DNA was extracted using NucleoSpin ® Plasmid (Macherey-Nagel). DNA sequencing was performed with fluorescence-labeled terminator (BigDye Terminator 3.1 Cycle Sequencing Kit; Applied Biosystems) in an ABI3100 Genetic Analyzer. Pendás et al. (1994) . b Primers described by Kuriiwa et al. (2007) . c Primers described by Jansen et al. (2006) .
Sequence analysis Sequence data from this article have been deposited with the GenBank Data Library under Accession Numbers HM014362 to HM014399, HQ291485 to HQ291531 and HQ292261. Sequence alignments were performed using the ClustalX program (Thompson et al., 1997) . Consensus sequences were obtained with the Bioedit software (Hall, 1999) . A sequence-similarity search of the coding and spacers sequences from the different multigene families was performed in BLASTN (Altschul et al., 1990) to determine the similarities of the sequences obtained, with other sequences from the GenBank database. DnaSP version 5 program (Librado and Rozas, 2009 ) was used to obtain the nucleotide variability at two levels:
i) The nucleotide polymorphism within species (π), estimated as the average number of nucleotide differences per site between two sequences. ii) The nucleotide divergence between species (K), estimated as the average number of nucleotide substitutions per site between two species. In both cases the Jukes and Cantor correction was used. On the other hand, the nucleotide variation between types of units was calculated using the Kimura-2-parameter in relation to evolutionary distances (d). We also applied the complete deletion option, using the MEGA v4 program (Tamura et al., 2007) .
Cytogenetic techniques
Chromosome preparations for the cytogenetic analysis of the three species analyzed in the present work were made from larvae, according to Cross et al. (2006) .
Karyotyping was performed using conventional staining techniques with Giemsa (8% in phosphate buffer). Labeling of probes was performed by PCR-based method using the primer sets 1, 3 and 4, for 5S rDNA, 18S rDNA and U2 snRNA respectively. Cycles and PCR conditions, as well as conditions of hybridization and post-hybridization washes, were according to Cross et al. (2003) and Merlo et al. (2007) .
RESULTS AND DISCUSSION
5S rDNA PCR of 5S rDNA yielded a 550 bp amplicon in D. labrax, D. punctatus and the hybrid. This PCR product was purified and cloned, and from 3 to 5 clones of each specimen were sequenced. The analysis of these sequences showed the amplicon sizes ranged between 546-555 bp in D. labrax, 546-561 bp in D. punctatus and 549-564 bp in the hybrid. This size variability in PCR products was mainly due to the presence, in the NTSs, of a tri-nucleotide microsatellite (GTT) and to hexanucleotide duplication (ATCATT), which was immediately before the microsatellite region (Fig. 1) . The duplication was observed only in D. labrax and hybrid clones, not in any D. punctatus clones (11 clones were analyzed). Furthermore, all codifying regions presented conserved Internal Control Regions (A box, Intermediate Element and C box). The Poly-T terminator region was present in all sequences following the 3' end of 5S rDNA; a 'TATA-like' regulator element was also localized in position -30 of the transcription start point. The presence and conservation of these regulatory elements leads to the hypothesis that they are functional genes. We observed that the 5S coding region shows low values of both intra (π) and interspecies nucleotide variation (K) (Table 2), as would be expected. However, the inter-species variation of the NTS region was higher than the intra-species variation, although no fixed differences were found between the two species. The high degree of homogeneity found in the complete 5S rDNA sequences (including coding and spacer) clearly indicates the close relationship between these two species (Table 2) . Consequently, this phylogenetic proximity makes the development of hybrid lineages possible. Unlike the 5S rRNA gene, the NTS is selectively neutral and is characterized by high sequence dynamism, by the presence of insertions/deletions (indels), microsatellites and pseudo-genes (Wasko et al., 2001; Ferreira et al., 2007; Gornung et al., 2007) . The occurrence of microsatellites in the NTSs has been reported in several marine organisms (Ota et al., 2003; Alves-Costa et al., 2006) , and it seems to be a common feature in the Chondrichthyes group (Rocco et al., 2005; Pasolini et al., 2006; Pinhal et al., 2009) . Some authors have suggested that the presence of microsatellite sequences favours the maintenance of tandem arrays of multigene families (Liao and Weiner, 1995; Úbeda-Manzanaro et al., 2010b) . Microsatellites can stabilize DNA structures, acting as "hot spots" for recombination, and therefore might function as an initiation site for the main mechanisms of concerted evolution, such as gene conversion or unequal cross-over (Liao and Weiner, 1995; Chistiakov et al., 2006) . The microsatellite found in D. labrax and D. punctatus could have this role, and this would explain the low intragenomic variability found. Two variants of 5S rDNA have commonly been found in fishes, characterized by length and sequence differences in the NTS (Martins and Wasko, 2004; Campo et al., 2009; Fujiwara et al., 2009; Pinhal et al., 2009 ).
U2 snRNA PCR products of the U2 snRNA had a length of 1100 bp in the two species studied and in the hybrid. The analysis of sequences finally showed a U2 snRNA sequence of 1057-1089 bp in D. labrax and 1083-1084 bp in D. punctatus. Different species-specific features were observed along this sequence. We found two fixed differences in the sequence of nucleotides (Table 2) and two indel regions. The smaller indel was situated in a poly-G region within the first spacer, in which D. punctatus presents two more Gs than D. labrax. The larger indel was situated between nucleotides 268 and 274; D. labrax presented the sequence with the deletion, and D. punctatus the sequence with the insertion (Fig. 2) . To test if this indel was really a species-specific marker, three primers were designed as follows: a forward primer was designed considering the fragment deleted, and another forward primer considering the fragment inserted, while the reverse primer was common to the two species. PCR products were obtained in the two species in the two cases; therefore, the two types of sequence (insertion or deletion) are present in both species and so they could not be considered a specific molecular marker.
The U2 sequences obtained were subjected to BLASTN search in the NCBI database, and this showed a high degree of homology of the first 189 bp with U2 snRNA from other species. In addition to this gene, a high degree of homology with the U5 snRNA was found within the spacer, and, therefore, these two genes are linked in the same array. This is not the first time that this type of linkage has been described. In the flatfish, Solea senegalensis, the 5S rDNA and the U1, U2 and U5 snRNA were found in the same array (Manchado et al., 2006b) . Recently, in our laboratory, the U2-U5 snRNA linkage was also seen in three fishes of the Sparidae family (Pagrus pagrus, Pagrus auriga and Diplodus sargus) (Merlo et al., in revision) . To date, this linkage has been found in species from several different fish families, which suggests that it is a common feature in Osteichthyes. Manchado et al. (2006a) used the U1-U2 linkage found in S. senegalensis to search for species-specific markers in other flatfish species. Therefore, the detection of this type of linkage will be of great importance for species identification.
Coding regions of the U2 and U5 snRNA genes presented lower intra-specific nucleotide variation in D. punctatus than in D. labrax. The polymorphism observed did not involve differentiation between species, and no fixed differences were found. However, both spacer 1 (from U2 snRNA to U5 snRNA) and spacer 2 (from U5 snRNA to U2 snRNA), showed that inter-specific variation was considerably high and one fixed difference was found in each spacer (Table 2 ). This could be of interest in the search for species-specific markers. However, it cannot be discounted that some of the observed differences relating to base substitution may be due to misincorporation by Taq DNA polymerase, in spite of the error ratio being considered very low (0.25% in frequency after 30 cycles of PCR) (Wasko et al., 2001) . The genes which codify the main small nuclear RNA are transcribed by RNA polymerase II, except the U6 snRNA, which is transcribed by RNA polymerase III. However, all these Us snRNA possess promoters with similar characteristics (McNamara-Schroeder et al., 2001 ). There are basically three regulatory sequences: (i) a Proximal Sequence Element (PSE), which is essential for transcription initiation and is normally localized between 40 and 60 nucleotides upstream of the transcription start point; (ii) a Distal Sequence Element (DSE), which operates as transcription enhancer, and is independent of the position and orientation; and (iii) a 3' box, which could have a terminator role for the transcription and a role in 3' processing of the nascent RNA; this box is localized between 9 and 19 nucleotides downstream of the 3' end of the gene (Kazmaier et al., 1987; Cuello et al., 1999; McNamaraSchroeder et al., 2001; Barzotti et al., 2003) . Each of these regulatory sequences has been found in all clones, and a schematic representation is shown in Fig. 2 . Comparing the regulatory elements with those obtained from other organisms (Parry et al., 1989 ; Thomas et al., 1990; Cuello et al., 1999) , they show a good homology (Fig.  3) . The degree of homology increases when the fish species of the present work are compared with others such as P. pagrus, P. auriga and D. sargus (Merlo et al., in revision) (Fig. 3) . The U2 and U5 promoters also showed good homologies between them. The existence and conservation of the protein-binding site within the conserved sequence, and of the regulatory regions in the spacer, indicate the putative functionality of these genes.
ITS-1 PCR with ITS-1 primers yielded 900 bp products in the two species and the hybrid. Sequencing revealed a real size of 885 bp in D. labrax, while in D. punctatus the size varied between 882 and 934 bp. It should be noted that D. labrax showed two types of ITS-1 sequences, which presented a high nucleotide variability (d = 0.50 ± 0.04; % Identity = 54.68). Within the Osteichthyes group, the size varies within a range from 318 to 1518 bp (average 635.1 ± 159.3) and the percentage of GC content varies from 56.8 to 78.0% (average 68.0 ± 4.2) (Chow et al., 2009) . The values obtained in this work are within these ranges and furthermore are close to the average values (Table 3) . In this sense, the ITS-1 type II was longer than the ITS-1 type I, and it presented a higher value of GC content. This fact, together with the high nucleotide divergence, supports the conclusion that the sequences can be separated into two types of ITS-1. Dicentrarchus labrax only presented the ITS-1 type I, and its values of intra-specific variation was lower than that found in D. punctatus (Table 2) .
The BLASTN search revealed significant alignments with many ITS-1 sequences of different fish species, especially those belonging to the Percoidei suborder, in which D. labrax and D. punctatus are included. The ITS-1 has regions with secondary structures which are necessary for the maturation process of the rRNA, and a considerable variation in ITS-1 size and sequence is tolerated without inhibiting this function; because of this characteristic, the ITS-1 region has an intermediate rate of evolution (Pleyte et al., 1992) . These features make the ITS-1 region a suitable sequence for phylogenetic studies between closely related groups, and for defining sub-species also (Johansen et al., 2006) . We confirmed that the intraspecific value of nucleotide variability in the hybrids, calculated for the three multigene families, was an intermediate value between those of the parental species.
Cytogenetic analysis Dicentrarchus labrax and D. punctatus present a similar karyotype, which is composed of 48 subtelocentric/acrocentric chromosomes (Sola et al., 1993) . In all chromosomal preparations used in this study we observed this same karyotype.
The three probes used in this work (5S rDNA, 18S rDNA and U2 snRNA) were localized in different chromosome pairs (Fig. 4, Table 4) ; therefore three different chromosomal markers would be obtained. Non-syntenic configuration of 5S rDNA and 18S rRNA gene is the most common situation described in fishes. However, cases have been reported in which the two ribosomal genes are in the same locus (Cross et al., 2006; Fujiwara et al., 2007; Diniz et al., 2008) . The U2 snRNA gene has been applied Within the fish group, only one work has reported the location of this probe, in four Batrachoididae species, and in that case the authors found three hybridization patterns: concentrated in one chromosome pair; dispersed through the genome; or both concentrated and dispersed (Úbeda-Manzanaro et al., 2010a) . Recently, double-FISH studies with the same probes have been carried out in three species of Sparidae family (Merlo et al., in revision) . Regarding the differences in the hybridization pattern between the super-order Paracanthopterygii (Batrachoididae family) and Acanthopterygii (Moronidae and Sparidae families) species, it would be interesting to use this probe in more fish species representing a wide range of orders. This should produce more data on the evolution and arrangement of the U2 snRNA cluster. The 5S rDNA has been localized, in both D. labrax and D. punctatus, next to the centromere. This internal position is an ancestral (plesiomorphic) feature in fishes, since this pattern has been described in species of all representing orders (Boron et al., 2006) . The results with the 18S rDNA probe have also shown the plesiomorphic condition for this multigene family in fish, i.e. in a terminal position and near the centromere (Merlo et al., 2007) . Dicentrarchus labrax and D. punctatus are species of considerable commercial interest for both aquaculture and fisheries. We have carried out a preliminary study at the cytogenetic and molecular genetic levels, using three different multigene families; this study has contributed new genetic insights in these two species, and confirms the close relationship between them. Finally, we have also contributed new data on the structure and arrangement of U2 snRNA, which could be a reliable marker for species identification and phylogeny, given the diverse features observed in this gene family, such as the putative linkage with other classes of U snRNA and the variability of the hybridization pattern observed in different species.
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